ABSTRACT To compare the genetic diversity and quasispecies evolution of avian leukosis virus (ALV) among different individuals, 5 chickens, raised in Shandong Provice of China, were randomly selected from a local chicken flock associated with serious tumor cases. Blood samples were collected and inoculated into chicken embryo fibroblast and DF-1 cell lines for virus isolation and identification, respectively, of Marek's disease virus (MDV), reticuloendotheliosis virus (REV), and ALV. Five strains of ALV subgroup J (ALV-J) were identified, and the gp85 gene from each strain was amplified and cloned. For each strain, about 20 positive clones of gp85 gene were selected for sequence analyses and the variability of the quasispecies of the 5 strains was compared. The results showed that the nuclear acid length of gp85 gene of 5 ALV-J isolates is 921 bp, 921 bp, 924 bp, 918 bp, and 912 bp respectively, and amino acid homologies of different gp85 clones from the 5 ALV-J strains were 99.3 to 100%, 99.3 to 100%, 99.4 to 100%, 98.4 to 100%, 99.0 to 100%, respectively. The proportions of dominant quasispecies were 65.0%, 85.0%, 85.0%, 50.0%, 84.2%, respectively, and homology of the gp85 among these dominant quasispecies was 89.2 to 92.5%. These data demonstrated the composition of the ALV-J quasispecies varied among infected individuals even within the same flock, and the dominant quasispecies continued to evolve both for their proportion and gene mutation.
INTRODUCTION
Avian leukosis virus (ALV) is a group of avian retrovirus, which could induce different pathotypes of neoplastic diseases and other reproduction problems in the poultry industry worldwide. The ALVs can be classified as endogenous (ALV-E) or exogenous viruses according to their mode of transmission. Exogenous ALVs from chickens are classified into different subgroups A, B, C, D, and J based on their host range, viral interference, and cross-neutralization (Payne et al., 1992) . Among these subgroups, subgroup J (ALV-J) is the most prevalent in chickens from China (Cui et al., 2003; Xu et al., 2004; Sun and Cui, 2007; Cheng et al., 2010; Gao et al., 2010; Lai et al.2011) .
ALV-J was first isolated and identified in the late 1980s in the United Kingdom (Payne et al., 1991) , and quickly spread worldwide and caused severe economic losses in broiler farms in the 1990s and the early 2000s (Fadly and Smith, 1999; Cui et al., 2003; Malkinson et al., 2004; Thu and Wang, 2003; Thapa et al., 2004; Xu et al., 2004) . In mainland China, ALV-J mainly caused myelocytomatosis (ML) and was officially recognized in white meat-type breeders in 1999 (Du et al., 1999) . However, field cases of ML tumors caused by ALV-J infections were reported in egg-type commercial layers in 2004 (Xu et al., 2004) . Because of successful global eradication programs, ALV-J-related tumor cases became very rare in white meat-type chicken farms. Moreover, many cases of ALV-J infection and tumors diagnosed as ML have been reported in local breeds of "yellow chickens" and other local breeds over the past few years in China (Cheng et al., 2005; Sun and Cui, 2007) . Since 2006, many clinical cases of hemangioma rather than ML in commercial layer flocks associated with ALV-J infection have frequently been reported and have caused a major concern. (Cheng et al., 2010; Gao et al., 2010; Lai et al., 2011; Shi et al., 2011) .
As a retrovirus, ALV-J has been constantly evolving due to the presence of new mutation since it was reported, especially in the glycoprotein gp85 gene (Cui et al., 2003; Gao et al., 2010) . Genetic diversity of gp85 of ALV-J isolates has been analyzed and identified between 1999 and 2010 in mainland China (Gao et al., 2010) . In the previous study, we also found that the quasispecies diversity in the same ALV-J field strain when comparing the genetic diversity of gp85 gene (Mao et al., 2013) . 1100 Virus populations exist as pools of non-identical but related members called quasispecies. In the last 10 years, much attention was given to viral quasispecies and was considered to be a major strategy for virus to escape the host immune system (Eigen, 1993; Durate et al., 1994; Richard et al., 2005; Zhao et al., 2012b) . For example, human immunodeficiency virus (HIV) and hepatitis C virus (HCV), are proved to in the constant quasispecies evolution under the antibody selective pressure or anti-viral treatment (Li et al., 2005; Wang et al., 2005; Wang et al., 2011; Wen et al., 2012) . In the present study, 5 ALV-J strains were isolated from serious tumor cases in local flocks, the amino acid and nucleotide sequence analyses of gp85 among the 5 isolates showed that the significant different of the ALV-J quasispecies varied among different individuals even within the same flock.
MATERIALS AND METHODS

Ethics Statement
The study protocol and all animal studies were approved by the Shandong Agricultural University Animal Care and Use Committee.
Clinical Samples
In October of 2012, severe hemangioma tumors were detected in some local chickens at a chicken farm in the Shandong Province of China, with a total flock size of over 9,000 chickens. All sick chickens had enlarged livers, spleens, and kidneys, skin hemangioma was observed and presented as a small red hemorrhagic nodule on leg at 90 d of age ( Figure 1A-D) , and the tumorrelated mortality peaked at 110 d of age. The entire flock was eventually eliminated because of the virus infections.
Cells and Virus Isolation
Plasma samples were collected from 5 randomly selected chickens and inoculated into chicken embryo fibroblast (CEF) and DF-1 (a cell line from embryo fibroblast cells of C/E type chickens resistant to subgroup E endogenous ALV) monolayers, respectively, in 6-well culture plates. Inoculated CEF and DF-1 cultures were incubated for 9 d. The supernatant from each well was assayed for ALV p27, the ALV group specific antigen by enzyme-linked immunosorbent assay (ELISA) using an ALV p27 antigen test kit (IDEXX laboratory, Beijing IDEXX Yuanheng Laboratories, Co., Ltd.,) according to the manufacturer's instructions. Each sample was tested twice to ensure the accurate and consistent results. Positive supernatant samples were stored at −80
• C. Immunofluorescence antibody assay (IFA) was used to test the cultured cells for ALV-J, ALV-A/B, reticuloendotheliosis (REV), and Marek's disease virus (MDV) infection using ALV-J specific monoclonal antibody JE9, ALV-A and ALV-B specific chicken antiserum, REV specific monoclonal antibody 11B118, and MDV specific monoclonal antibodies BA4 and H19, respectively, as described by Qin et al. (2001) . Primary antibody binding was detected using FITC-labeled anti-mouse IgG (Sigma-Aldrich, St. Louis, MO).
Serological Analysis of the Samples
All the serum samples were collected from 5 chickens and submitted to examine the antibody response to ALV-A/B and ALV-J, using an ALV Antibody Test Kit for subgroups A/B and J (IDEXX). The serum was also assayed for antibodies to REV by ELISA using a reticuloendotheliosis virus antibody test kit (IDEXX) according to the manufacturer's instructions. Each sample was tested twice to ensure the accuracy of the results.
PCR Amplification, Cloning, and Sequencing
Genomic RNA was extracted from blood of 5 chickens identified with ALV infection by virus isolation and identification using the Viral RNA Kit (Omega Bio-Tek, Doraville, CA), and the cDNA was generated from the viral RNA using reverse transcription (RT) and polymerase chain reaction (PCR). To amplify gp85 of ALV-J, a pair of primers was used as F 5 -GCTGCCATCGAGAGGTTACT-3 and R 5 -AGTTGTCAGGGAATCGAC-3 , the PCR was performed as described by Gao et al. (2010) . The PCR products were separated by 1.0% agarose gel electrophoresis. The target cDNA band was recovered and purified from the agarose gel by using the E.Z.N.A. Gel Extraction Kit (Omega Bio-Tek, Norcross, GA) and ligated into the pMD-18T vector (TaKaRa Bio Inc., Tokyo, Japan), which was then transformed into competent cells of Escherichia coli DH5α. More than 20 colonies were randomly selected and their plasmids were extracted using the E.Z.N.A. Plasmid Mini Kit (Omega Bio-Tek, Inc., Norcross, GA). The transformants colonies were screened and identified by PCR identification with the primers mentioned above. All positive clones (20 clones) were sequenced by Shanghai Boshang Bioengineering Co., Ltd. (Shanghai, China).
Comparison of Quasispecies Diversity Among Different ALV-J Isolates and Its Molecular Evolution
Homologies of the nucleic acid and amino acid sequences between 18-20 clones of the gp85 gene from each ALV-J isolates were compared. The clones with identical sequence were defined as the dominant quasispecies and the proportion of each was calculated. The amino acid sequence alignment was carried out by the ClustalW (Thompson et al., 1994) method of the MegAlign program implemented in the DNAStar package ver. 7.01 (DNAStar Inc., Madison, WI). To assess trends in molecular evolution among the dominant quasispecies of the ALV-J isolates, the gp85 genes from different ALV-J reference strains were included for phylogenetic analysis (Table 1 ). The phylogenetic analysis was accomplished with Clustal W alignment and the neighbor-joining and maximum parsimony methods with 500 bootstrap replicates using the MEGA ver. 5.1.
RESULTS
Isolation, Identification of Exogenous ALV and Serological Analysis of Serum Samples
DF-1 cell cultures were incubated at 37
• C for 9 d, and the supernatants were tested for ALV p27 antigen. The results showed that all cultures inoculated with plasma samples from the 5 chickens were positive for ALV p27 antigen, indicating that they all had exogenous ALV viremia. The virus isolates were designated SDLY1201, SDLY1202, SDLY1203, SDLY1204, SDLY1205, respectively. IFA experiments showed that the infected cells could only be labeled with ALV-J specific monoclonal antibody JE9, and showed no reaction with REV and MDV specific monoclonal antibodies ( Figure 2 ). All serum samples were negative to antibodies against ALV-A/B, ALV-J and REV.
Analysis and Comparison of Quasispecies among different ALV-J Isolates
Nucleic acid length of gp85 gene of 5 ALV-J isolates is 921 bp, 921 bp, 924 bp, 918 bp, and 912 bp, respectively and the amino acid homologies of different gp85 clones from the 5 ALV-J strains were 99.3 to 100%, 99.3 to 100%, 99.4 to 100%, 98.4 to 100% and 99.0 to 100% respectively. The proportions of dominant quasispecies were 65.0% (13/20), 85.0% (17/20), 85.0% (17/20), 50.0% (9/18), and 84.2% (16/19), respectively, indicating the difference in the proportion of dominant quasispecies was significant among ALV-infected individuals (Table 2 ).
Molecular Evolution of Dominant Quasispecies of the ALV-J Isolates
The dominant quasispecies varied among different individuals as the gp85 homology of them are only 89.2 to 92.5% at the amino acid level (Table 3) . Mutations in gp85 gene were mainly located in several regions: 49#aa∼77#aa, 113#aa∼123#aa, 143#aa∼150#aa, 182#aa∼212#aa, 238#aa∼241#aa when these 5 dominant quasispecies were compared to each other (Figure 3) . The dominant quasispecies of the SDLY1201, SDLY1202, SDLY1204 were grouped into the same branch on the phylogenetic tree, but the SDLY1203 and SDLY1205 were on the other branch (Figure 4 ).
DISCUSSION
ALV-J was officially recognized in China in 1999 (Du et al., 1999) , and was first reported in commercial layers in 2004 (Xu et al., 2004) . During the last 10 years, ALV-J has been reported both in China and other countries ( HQ634814  CAUGX01  2009  Beijing  HM640943  HLJ10SH03  2010  Helongjiang  HQ634813  CAUHM01  2009  Beijing  HM640944  HN1001-1  2010  Henan  HQ260974  CAUSY01  2009  Beijing  HM640945  HN1001-2  2010  Henan  HQ260975  CAUTS01  2009  Beijing  HM640946  HN1001-3  2010  Henan  HQ260976  CAUXT01  2009  Beijing  HM640946  JL10HW01  2010  Jilin  HQ634800  CAUYL01  2009  Beijing  HM640948  JL10HW02  2010  Jilin  HQ634801  CL09DP01  2009  Shandong  JN378882  JS-nt  2010  Jiangsu  HM235667  CL09DP02  2009  Shandong  JN378883  SCDY1  2010  Sichuan  HQ425636  CL09DP03  2009  Shandong  JN378884  SD100501J  2010  Shandong  HQ270189  CL09DP04  2009  Shandong  JN378885  SD100502J  2010  Shandong  HQ270188  GL09DP01  2009  Shandong  JN378886  WN100401  2010  Anhui  HQ271447  GL09DP02  2009  Shandong  JN378887  WN100402  2010 Anhui HQ271448 Xu et al., 2004) . China has many local chicken breeds, susceptible to infectious diseases, especially for some virus causing tumors such as ALV and REV (Cheng et al., 2005; Sun and Cui, 2007; Zhao et al., 2012a) . Among these viruses, ALV-J is of particular concern for local chickens (Cheng et al., 2005; Sun and Cui, 2007 ). In the current study, 5 pathogenic ALV-J strains were identified from a local chicken population suffering from severe tumors that were fatal. This confirmed the serious risk of ALV-J to local breeds in China, and suggested that significant attention should be paid to the prevention and control of ALV-J in local chickens. The serum samples were negative for ALV-J antibody detection, although they were all infected with ALV-J. This may be caused by the immunosuppression induced by ALV-J early infection; the hosts failed to produce antibodies against ALV-J, which led to the persistent viremia in the chickens (Fadly and Nair, 2008) .
As a retrovirus, ALV-J evolves quickly in the field, which helps it escape the host immune system more easily than other viruses may. Although many mechanisms help ALV-J escape from the host immune system, the important role of quasispecies evolution cannot be ignored. The viral quasispecies concept was first proposed by Eigen (1993) , and it is considered that viral quasispecies arise from mutations that occur during the replication process of viral genes. For example, the mutation probability of each nucleic acid of the HA gene is 2 × 10 −3 in each replication cycle of avian influenza virus (AIV) subtype H9N2. That is, for every replication of the HA gene, approximately one base will mutate (Liu et al., 2002) . Thus, numerous viruses with different mutations may be detected after the initial infection. That is, the AIV population in vivo is a large and complex group, because this group of viruses within an organism carries considerable genomic mutations, only a small portion of genes in the viral genome are conserved. Usually, it is now recognized that viral quasispecies is a group of viruses composed of the dominant quasispecies and several related but variant quasispecies (homology > 95%) that has evolved as a major strategy to escape the host immune system (Schneider and Roossinck, 2001; Lauring and Andino, 2010) .
As documented by previous reports, viral quasispecies usually can be identified by analysis of quasispecies of some genes (Zhao et al., 2012b; Jardim et al., 2013; Töpfer et al., 2013) . Therefore, to observe the quasispecies diversity of ALV, we can analyze diversity within some ALV genes, such as gp85, which has a high mutation rate and is associated with the antigen. Despite significant homology with the other ALV subgroups across most of the genome, the envelope protein gp85 of ALV-J shares low homology with other subgroups and exhibits high genetic and quasispecies diversity since it was reported (Bai et al., 1995; Nichol, 1996; Venugopal et al., 1998; Smith et al., 1999; Silva et al., 2000) . The ALV env gene encodes 2 proteins, gp85 and gp37. As previous studies have shown, the gp85 and gp37 amino acid regions were subjected to homology analysis, and the results suggested that the gp85 region of the env gene can better display the quasispecies diversity of ALV-J than gp37, and different quasispecies with great mutations hide in the same subgroup J field strain of ALV by comparison of gp85 genetic diversity (Mao et al., 2013) . In the present study, more data was provided to better analyze the quasispecies diversity of ALV-J by comparison of gp85 genetic diversity both in the same strain and different ALV isolates from 5 individuals. The results showed that there was significant difference for the nucleic acid length of gp85 gene of 5 ALV-J isolates, more important, the amino acid homologies of different gp85 clones from the 5 ALV-J strains and the proportions of dominant quasispecies were quite different, indicating the difference in the proportion of dominant quasispecies was significant among ALV-infected individuals.
Apart from the competitive advantages of the quasispecies itself, the evolution of viral quasispecies is also controlled by some other different pressures, such as the selective pressure of anti-viral drug therapy. The evolution of quasispecies under the selective pressure of anti-viral drug therapy for HCV has been documented by many reports (Wang et al., 2011; Wen et al., 2012; Jardim et al., 2013) . Besides the selective pressure of anti-viral drug therapy, antibody-induced selective pressure has recently aroused attention due to its impact on the evolution of viral quasispecies (Domingo et al., 2012; Zhao et al., 2012b) . In the selection of virus-specific antibodies, they tend to inhibit the quasispecies with highly homologous antigens. Under antibody-induced selective pressures, the viruses may undergo genetic mutations. The proportion of the mutated quasispecies will increase if one mutation possesses selective advantages in the replication process compared to the original virus. Some non-dominant quasispecies may evolve to dominant quasispecies owing to certain mutations that facilitate the escape from the host immune system; otherwise, the proportions will remain low. In response to adverse stress, these quasispecies may even disappear (Domingo et al., 2012; Zhao et al., 2012b; Eigen, 1993) .
Because RNA polymerases lack a proofreading mechanism, RNA viruses are prone to errors during replication. It is assumed that amino acid changes at certain sites of envelope glycoproteins could help mutated viruses evade the neutralizing activity of specific antibodies or immune cells. Mutants resistant to neutralizing antibodies may be able to replicate faster than parental viruses. These mutants would then gradually become the dominant quasispecies in the virus population (Schneider and Roossinck, 2001; Lauring and Andino, 2010) . In the current study, we also observed the mutation and evolution of different dominant quasispecies among 5 individuals. Mutations in gp85 gene were mainly located in 5 sequence regions: amino acids 49#aa∼77#aa, 113#aa∼123#aa, 143#aa∼150#aa, 182#aa∼212#aa, and 238#aa∼241#aa, when these 5 dominant quasispecies were compared. Interestingly, in 2006 we established a model to study the evolution of ALV-J under antibody selective pressure, the results showed that amino acid regions 110#aa-120#aa, 140#aa-150#aa, and 188#aa-193#aa were highly variable and more likely to be affected by antibody selective pressures (Wang and Cui, 2006) . Therefore, we hypothesize that some mutations found in the current field strain are likely to be caused by antibody selective pressures, shown by the shared regions of highly variable amino acid sequence. We need more critical information and evidence to to support this hypothesis in the future study. In summary, we showed the gp85 genetic diversity of ALV-J in the current study and this may be useful for us to better understand the quasispecies diversity and evolution of ALV-J.
